The objective of this study was to evaluate the cytotoxic and physiological effects of aqueous extracts from both the leaves and flowers of Schinus terebinthifolius Raddi (aroeira mansa), when using lettuce as a test organism. The physiological effect was evaluated by first count, germination, root length (RL) and shoot length (SL) testing. We tested five extract concentrations (0, 12.5, 25, 50 and 100% v/v) with five replicates of 100 seeds per treatment, kept at 25 °C. To analyze cytotoxic effect we assessed the mitotic index. A statistically significant difference in the first count and germination tests, showing a reduction in germination, SL, and RL with increasing concentration, with the 25% extract showing the highest inhibitory effect was observed. The seeds treated with aqueous extracts above 50% presented no germination. The mitotic index did not differ statistically for the various concentrations of aqueous extract S. terebinthifolius. Under the experimental conditions used, the allelopathic activity of the aqueous extract S. terebinthifolius became more significant with increasing concentration, negatively influencing germination, and growth of seedling lettuce (used as the bio-indicator), but causing no change in the process of cell division.
Introduction
Allelopathy was defined in 1937 by Molish, as any direct or indirect, beneficial or harmful effect of one plant on another through production of chemical compounds released into the environment (Lôbo et al., 2008) . It is a biochemical mechanism of interaction between plants, and can act as a plant chemical defense adaptation (Marco et al., 2012) . The chemicals are produced in different plant organs, and their concentrations in tissues depend on several factors (Borella et al., 2011) .
According to Ferreira & Áquila (2000) , the activity of allelochemicals has been used as an alternative to herbicides, insecticides, and nematicides, and is especially promising in weed control. To Pawlowski & Soares (2007) , recent advances in the chemistry of natural products, of the means and methods of extraction, isolation, purification, and identification have each contributed to the knowledge of secondary metabolites and their ecological roles, as well as to the sustainability of systems of production (Borella et al., 2011) .
The use of plants for medicinal purposes is a very old practice, and is globally recognized. However, with the advancement of chemical research, components isolated from medicinal plants are used to obtain diverse products in the pharmaceutical, food, cosmetic as well as agriculture industries (Stefanello, 2005) .
Schinus terebinthifolius Raddi, the aroeira mansa, (as it is popularly known) either red or mild is widely disseminated, with strong natural regrowth characteristics (Lorenzi, 2014) . According to Comiotto (2006) , the plant is astringent, stimulant, and anti-neuralgic, yet its use requires great caution, because of its toxicity.
Most studies on allelopathy refer only to the physiological aspects (germination and growth) of effects on the test plant, without considering cellular events and related genetic changes (Castagnara et al., 2012) . From this perspective, our objective was to evaluate allelopathic and cytotoxic effects of aqueous extracts of both the leaves and flowers of S. terebinthifolius on the germination and growth of lettuce (Lactuca sativa L.), Rainha de Maio cultivar, used as a bio-indicator. 
Material and methods

The work was developed in the Genetics
Plant Extract Preparation
The extraction technique used was dynamic maceration in 0.1 L of distilled water, with 0.01 kg of plant material (with both leaves and flowers previously dried in an air circulating oven at 35 °C). The mixtures were heated to 65-70 °C for one hour under constant stirring, after which the solutions were filtered, and the process repeated twice in order to complete the extraction process.
The extracts were then diluted with distilled water to obtain concentrations of 12.5, 25, and 50% (v/v); the concentration of 100% was crude extract, and distilled water (0%) served as the negative control.
Physical-chemical characterization of the aqueous extracts
The diluted and crude extracts were analyzed as osmolality, pH and electrical conductivity ( Table 1 ). The pH values were determinated in digital pHmeter IA601 model, the conductivity in conductivity detector Analyser 650 model and osmolality in steam pressure osmometer 5600 model (Wescor, Logan, Utah, EUA). 
Growth and development assay
The physiological effect was evaluated by testing first count, germination, root length (RL), and shoot length (SL). The experiment was conducted in gerboxes lined with germitest paper moistened with 0.008 L of aqueous extract and adding 100 seeds each (five concentrations with five replicates each).
Bioassays were conducted in an incubator at 25 °C for a period of seven days. The experimental design was completely randomized in a factorial arrangement (2x5 -2 types of explant-extract x 5 concentrations tested), and means were compared by Tukey test at 1%.
Mitotic activity assay
For analysis of the mitotic index and phases of division, the root tips were collected on the fourth day after the first count test and fixed in Carnoy (3:1 ethanol: glacial acetic acid). The root tips were rinsed with distilled water for 5 minutes, hydrolyzed with 5N HCl for 20 minutes, rinsed with distilled water again, and squashed in a drop of 2% acetoorcein. The slides were then analyzed by scanning using an optical microscope Olympus at 400X magnification. 100 cells were analyzed per slide, with four slides for each treatment, noting the number of cells in each phase. The mitotic index was calculated by dividing the total number of all cells observed in interphase and number of cells in division (metaphase, anaphase, prophase and telophase) multiplied by 100.
Results and discussions
Results of analysis of variance for seed germination, shoot length (SL) and root length (RL) are presented in Table 2 .
As shown by the results presented in Table  2 , it was see a statistically significant difference between first count and germination tests in relation to the differing concentrations of both the leaf and flower extracts of Schinus terebinthifolius but don´t have statistically significant difference within types of explant-extract factor. It was found that the higher the concentration, the greater the inhibitory effect when compared to the control group for the seeds treated with leaf extract (Table 3 ). As to the seeds treated with the flower extracts, negative influence was also detected with increasing doses. However, it may be inferred that the compounds present in the flowers had the greater physiological effect, since at the higher doses (50 and 100%), germination at both four and seven days was null. (2) Data not transformed; CV: coefficient of variation. Comiotto et al. (2011) when working with bioassays related to allelopathy of aqueous extracts for the leaves of S. terebinthifolius on lettuce seeds, also reported the production of negative allelopathic effects, which were accented with increasing concentrations, affecting the first count and germination from a 50% dose.
These results differ from those of Ferreira & Borghetti (2004) , which suggest that allelopathic effect is often not seen on the final germination percentage in time, but rather on the germination rate or other process parameter. In our study, the first count tests, as well as the final germinations were affected by the chemical compounds in the aqueous extracts as described by Labouriau (1983) . For shoot length (SL) and root length (RL), statistical differences were also detected in relation to the differing concentrations of both the leaf and flower extracts of S. terebinthifolius but there were no statistically significant difference within types of explant-extract factor (Table 3) . The seedlings treated with aqueous extract of the leaves showed lower average active dose of 12.5% for both SL and RL. In the case of seedlings soaked in aqueous extracts of the flowers, there were no statistically significant differences in length of shoots, but for the root growth inhibition increases with increasing concentrations of extract.
Due to low or null seed germinations for treatments at concentrations of 50% and 100% of the aqueous extracts for both leaves and flowers, measurement of the lettuce seedlings were not made, since the number of repetitions would be extremely low, and an equivalent comparison with the other treatments unlikely.
In their studies using radish seeds as the test plants, Gatti et al. (2004) obtained similar results for root lengths, the effects of our extracts were also more pronounced on root length than on shoot length. According to Chung et al. (2001) , these results for RL are due to more intimate and prolonged contact between the roots and the moistened germitest paper.
With respect to the increased growth of shoots and roots at a dose of 25%, similar results have been reported by other authors such as Borella et al. (2011), and Chon et al. (2005) describing both stimulatory and inhibitory allelopathy or chemical interactions between plants.
For the mitotic index, the aqueous extracts were not statistically different (p>0.01) ( Table 4) . These results differ from those of Pawlowski et al. (2012) who in similar studies using essential oils of two species of Schinus; S. molle and S. terebinthifolius (tested on onion root meristems) found a decrease in cell division when compared to the negative control. The seedlings exposed to S. terebinthifolius oil were even more affected, with very small cell division averages as compared to those exposed to S. molle oil. With respect to the indices for the different phases of the mitotic cycle, the flower extracts as well as the leaf extracts in the various doses tested did not differ from the control, yet there were a greater number of cells in prophase with the low dose treatments of the aqueous flower extract when compared to the control. The hypothesis that there may be stimulus to cell division when seeds are treated with low concentrations of such extracts is valid, however, reports about positive or stimulating effect are not very found in the literature.
According Quispe et al. (2010) , when cells of meristematic tissue are in proliferative equilibrium, the duration of each phase of the cell cycle remains constant and proportional. In the presence of toxins however, cell division may be inhibited, delayed, or the cells may die, it may be these effects that caused an inhibition of radicle protrusion when the concentrations were at 50 and 100% for the flower extracts. Another effect caused by allelopathic substances is the appearance of abnormal seedlings, radicle necrosis being one of the most common symptoms (Ferreira & Áquila, 2000) , which was identified at the higher aqueous flower extract doses.
For Carvalho et al. (1996) , studies on allelopathic substances and the identification of plants that have active ingredients of some effect are of great importance, both for the use of extracts that can inhibit weeds in an attempt to reduce the use of commercial herbicides, and for determining suitable culture and management strategies that avoid interference from these substances during plant growth (Gatti et al., 2004) .
Often chemical compounds with allelopathic effect may also have genotoxic and mutagenic effects (Souza et al., 2005) , but as seen in this experiment, the extracts tested had no effect on the process of cell division and also no genotoxic effects were observed.
Conclusions
The aqueous extracts of the leaves and flowers of Schinus terebinthifolius Raddi have allelopathic effects (at high concentrations) on lettuce seed, affecting both germination and root growth. Concerning the cytotoxic effect, the aqueous extracts obtained by maceration of leaves and flowers of Schinus terebinthifolius Raddi were not considered harmful to the test plant in this experiment.
